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RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATTION OF THE DAMPING IN ROLL
OF THE BELL X-1A RESEARCH ATRPLANE AND
ITS COMPONENTS AT SUPERSONIC SPEEDS

By Russell W. McDearmon and Frank L. Clark
SUMMARY

Experimental values of the damping in roll of the Bell X-~1A research
airplene and its components have been obtasined at Mach numbers of 1.62,
1.94, 2.22, 2.41, and 2.62, at zero angle of attack. Severe losses in
the demping in roll Clp were obtained near a Mach number of 2.22 for the

complete model and the configuration with body, wing, and vertical tail.
For the complete model this loss was largely alleviated by removing the
dorsal and ventral fins.

The wing was the predominent contributor to the damping in roll
throughout the Mach number range, although the contributions of the
other airplane components to the demping in roll were significant in the
Mach number region from 2.22 to 2.h1.

In general, the damping in roll CZP of the complete model and

for the model with body, wing, and vertical tail was predicted adequately
by theory, except in the Mach number region from 2.22 to 2.41, where
component interference effects caused large deviations from theory. The
damping in roll CZP of the body-wing model was predicted adequately by

theory throughout the Mech number range of the tests.

INTRODUCTION

The X-1A research airplane hes exhibited unsetisfactory handling
qualities in recent flight tests at supersonic speeds. In order to
obtain some experimentel information to provide insight into the causes
of these unsatisfactory handling qualities, a general program of inves-
tigations is being undertaken in the lLangley 9-inch supersonic tunnel
of some of the dynamic and static stability characteristics of the X-1A.

WCOREIDENTIAL
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One of tiae more inportant stebiiity derivatives which rust ke evaluated
in order to predict the dynamic stebliity characteristics of a given
airplare configuraticn is the damping in roll Cq.-

D

Considerable tneoretical work has been done to predict Czp at

supersonic speeds Tor isolated wings (e.g., see refs. 1 and 2}, certaln
restricted wing-tody combinations, cruciZorm wings, slender teail config-
urations (e.g., see refs. 3 to 6), and a typical airplane configuration
(see ref. 7). The experirentsl information avallable at supersonic
speeds includes the results of wind-tunnel investigations of CZD for

a large class of wing plan forms (see refs. 8 and G), free-fligh% inves-
tigations of CZD for various wing-body and missile configurations,

such as those reported in references 10 and 11, and investigations uti-

lizing other techniques, suca as those reported in reference 12. The

present investigation rrovides some experimental values of CZ for a
D

pvarticular eirplane configuration and exiends the knowledge of the com-
porent effects on C, for complete airplane configursetions at super-
P

soric speeds.
In tke present investigation, CZ for the X-1A research esirplane
P

and its components was obtained at Mech nurbers of 1.62, 1.94, 2.22,
2.41, ené 2.62, at zero angle of attack. The test Reynolds number range

for the complese configuration was from 0.2L x 10° to 0.kl x 106, based
on the rean aerodynamic chord of the wing. However, all tests were con-
ducted with transition strips or the components in order to simulate
more ciosely the boundery-layer conditions encountered at higher Reynolds
nutbers. The primary purvose of this investigetion was to determine the
dampling in roll of the complete configuration end the contributions of
trhe corporents to the demping in roll. Included were determinations of
re effects of the dorsel ard vertral fins on Czp for the complete con-

figuration. In this report, the term "dorsal fin" includes the canopy
and the conduit which extends from the canopy rearward, and is faired
smoothly into the vertical teil. The tern "ventral fin" refers to the
o

smaller condult which traverses a major part of the ventiral portion of
the vody. Comperisons were made with some theoretical predictioans.

SYMEOLS
b wing span, ft
C; rolling-morent coelficient, L
gShb
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damping-in-roll derivative,

I3
'ETD‘ I

circulation at any spanwise station along the wing, ftg/sec
rolling moment, ft-1b
free-stream Mach number

rolling angular velocity, radians/sec

wing-tip helix angle, radians

free-stream dynsmic pressure, 1b/sq ft

radial distance from center of vortex, ft

total wing area, including portion submerged in body, sq ft

free-stream velocity, ft/sec

tangential velocity at a distance r from center of vortex,
r

mex, ft/sec
2xr

Subscripts and configuration identification:

max

BW

BV

BVH

WV

BWVH

maxXimum

body and wing

body and vertical tail

body, vertical tail, and horizontal tail
body, wing, and vertical tail

body, wing, vertical tail, and horizoatal tail
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APPARATUS

Wind Tunnel

All tests were conducted in the Langley 9-inch supersonic tunnel,
which is a cloged-circuit, continuous-operation type in which the stream
pressure, temperature, and humidiiy can be controlled at all times during
tunnel operation. Different test Mech numbers are provided by inter-
changeable nozzle blocks which form test sectlions approximately 9 inches
square. Eleven fine-mesh turbulence-damping screens are installed 1in
the settling chamber ahead of the supersonic nozzle. The turbulence
level of the tunnel 1s considered low, based on past turbulence-level
measurements. A schlieren optical system is provided for qualitative
flow observation.

Models, Support, and Rolling-Moment Balance

A drawing of the complete 1/62-scale model of the X-1A is presented
in figure 1. The sting was an integral part of the model body. In order
to use a sting of sufficlent strength to withstand the forces which would
be encountered in testing, it was necessary to alter the shape of the
aft portion of the body, as shown in figure 1. The effect of this alter-
ation on CZP was believed to be negligible.

Three identical bodies were constructed, one for the BWV and BEWVH
configurations, one for the BW configuration, and one for the BV and
BVH configurations. The wing and tall units were removable, so that
either could be installed on the desired body. The nose portions of the
bodies were made of aluminum. The remsining portions of the bodies and
the integral stings and the wing were made of steel. The tall surfaces
and the dorsal and ventral fins were molded from plastic meterials.

This arrangement of model parts and selection of materials resulted pri-
marily from the necessity for accurately mass-balancing the models.

Since the tail surfaces were molded from plastic materials, they
may have experienced slight bending or twisting when tested. However,
the resulting aseroelastic effect on the contributions of the tail sur-
faces to CZP is believed to have been small.

The BWVH configuration was tested with the dorsal fin removed, and
with the dorsal and ventral fins removed. When the dorsal fin was
removed, the vertical tall was falred smoothly into the body as shown
in figure 1. When the dorsal and ventral fins were removed, the body
became a body of revolution.
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All models were tested with finely pulverized salt transition strips
on the components. The transition strips were located as shown in fig-
ure 1 to create a turbulent boundary layer over most of the model and
thereby more closely simulate full-scale conditions. The effectiveness
of similar transition strips in creating a turbulent boundary layer may
be seen in reference 13.

Photographs of the damping-in-roll test apparatus are presented
in figure 2. The model sting was inserted into the spindle of the
rolling-moment balance and secured by a Woodruff key and setscrews. The
spindle was rotated by means of gears and an electric motor outside the
tunnel. The rolling velocity was measured with a Stroboconn frequency
indicator which was modified to indicate revolutions per minute by means
of a generator attached to the rear of the spindle. The rolling moments
were measured by strain gages on the spindle and were transmitted through
slip rings and brushes to a Brown strain indicator unit outside the
tunnel.

PRECISION

The precision of the data has been determined by estimating the
accuracies of the measured quantities and evaluating their effects on
the coefficient C; and the parameter pb/2V. The probable error in
the strain-gage indication produced the following errors in Cjy:

Error in CZ for configurations -
M
BWVH, BWV, BW BV, BVH
1.62 +0.00035 10.00015
1.9L +.00040 +.00015
2.22 +.00045 +.00017
2.h1 +.00050 +.00018
2.62 *.00040 ¥ .00020
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Error in the measurement of the rolling velocity caused a meaximum
error in pb/2V of *0.00008. The surveyed variation of each of the
free-siream Mach numbers 1s about *0.01l, which produced a maximun error
in pb/2V of +0.00003. Thus the meximum total error in pb/2V
was 10.0001l.

[e)Y

o

Model alinement was malntained to within +0.1° of zero plitech and
yaw with respect to the tunnel center line.

Trhe rolling-moment balance was callbrated statically before and at
intervals during tne testing to ascertain that there were no changes in
the strain-gage constant.

Throughout the tests, the moisture content in the tunnel was kept
sufficiently low to insure that the effects of condensatlion were
negligible.

RESULTS AND DISCUSSION

The variations of rolling-moment coefficient with wing-tip helix .
angle for the various configurations are presented in figure 3. It
be seen in flgure 3(c) that two different varistions of C3 wlth pb/2V
were obtained et M = 2.22 for BWVH with the dorsal and ventral fins
in place. The term "alternate" employed in this figure signifies that
8 separate dorsal Fln was used on the model in the second test. The
"alternate" dorsal fin was cast from the same mold as the original dorsal
fin; however, small errors in reproduction end installation on the model
may have caused its external contour to differ slightly from that of the
original. The differences in the variations of C; with pb/2V which
were obtained in the two tests are believed to have been caused by vilscous
effects associated with slight differences in the external contour of the
dorsal fin.

The Contributions of the Airplane Camponents to Ciz,

The variations with Mach number of clP for the complete model
and its components are presented in figure 4. The values of Czp were
obtained by taking the slopes of the variatioms of C; with pb/2V
presented in figure 3.

The most striking feature of the results 1s the fact that severe
losses in Cj, Were experienced near M = 2.22 by BWVE and BWV

with the dorsal and ventral fins in place. It should be noted that
neither the minimum values of Czp in the vicinity of M = 2.22 Zor

S
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the configurations containing the wing nor the Mach numbers at which

they occurred were definitely established, although the fairing of the
curves of figure It indicated that the minimum values probably occurred
between M =2.22 and M = 2.41. In view of this uncertainity, the curves
were dashed in the Mazch number range from 1.9% to 2.41. Alsoc, since

BWVH with the dorsal and ventral fins in place was tested twice at

M = 2.22, so that two samewhat different wvalues of Czp were cobtained,

the curve Tor this configuretion was faired midway between the two values
in figure L. The value of C3, shown in figure 4 for BWVE with the

"alternate”" dorsel fin and ventral fin in place represents the slope of
the variation of C; with pb/2V over a range of pb/2V from O to 0.019

or from 0.02k to 0.036 (fig. 3(c)), the slope over a range of pbf2V from
0.019 to 0.024 not being considered.

For BWVH and BWV with the dorsal and ventral fins 1n place,
gradual decreases in C;P occurred as the Mach number was increased

from 1.62 to 1.94. Abrupt decreases in C;P took place as the Mach

number was increased from 1.94 to 2.22. Following the apparent minimum
values of CZP which were obtained near M = 2.22, rather rapid increases

in Cy, were obtained as the Mach number was increased to M = 241 and

M = 2.62, exhibiting a tendency to revert to the trends of the variations
of Czp at M=1.62 and M = 1.94%. For BW with dorsel and ventral

fins in place, no significent reduction in CZP was obtained near
M = 2.22. The wing was the predominant contributor to Czp throughout

the Mach number range, although the contributions of the other airplane
components to CZP were significant in the Mach number region from 2.22

to 2.41.

In an attempt to determine the cause of the drastic loss in C;P

experienced by BWVH near M = 2.22, the dorsal fin was removed. This
resulted in approximately a 35-percent increase in Czp for BWVE eat

M =2.22. Next, the ventral fin was removed, and an additional 1T7-percent
increase in C;D was obtained at M = 2.22, giving an overell incresse

in CZP of approximately 52 percent at M = 2.22 with the dorsal and

ventral fins removed. The BWVHE coniiguration with dorsal and ventral
fins removed was then tested at the other Mach numbers of the investi-
gatlion, and at all Mach numbers CZD for BWVH was somewhat higher with

the dorsal and ventral fins removed than with the fins in place.

These results show thet the severe loss in Czp experienced by
BWVHE nesar M = 2.22, as well as the level of CZD for BWVH throughout

N -




8 <SRN NACA RM I55I19

the Mach number range of the tests, was definitely assoclated with the
interference effects of the dorsal and ventral fins. The fact that with
the dorsal end ventral fins In place BW experlienced no significant
reduction in Clp wherees BWVH and BWV experienced sizeable losses

in Ci, near M = 2.22 indicates that the losses resulted primarily

from the effects of the dorsel end ventral f£ins on the tail panels. The
remaining slight reduction in Czp which was obtalned near M = 2.22

for BWVH wlth the dorsel and ventral fins removed can only be attri-
buted to some combination of body-wing-tail interference effects.

Some schlieren photographs of the flow zbout the complete model at
zero rolling velocity sre presented in figure 5. These photographs show
the positions with respect to the wing of the strong shock waves fram
the body nose and the btlunt nose (or canopy portion) of the dorsal fin
as well as the weaker shock wave from the nose of the ventral fin. Also
apparent at M = 2.41 is an extraneous shock wave which is caused by &
slight imperfection in one of the nozzle blocks. As may be readlly con-
firmed, this shock is inclined at an angle of less than 1° with respect
to the Mach angle and 1s, therefore, obviocusly weak. Past streem sur-
veys have shown no significant effect of this shock wave, and it does i
not strike the model. Thus, l1ts influence on Czp was negligible.

As shown in figure L, a reasonable level of Clp was obtained for

BV at all Mach numbers except M = 2.41, where Czp was nearly zero.
However, the almost complete lack of C;  obtalned for BVH throughout

the Mach number range was somewhat surprising. This may have been ceaused
by interference between the vertical tail and the horizontal teil, or
the effects of the dorsal and ventral fins on the tail.

Comparisons of the Experimental Values of

CZP with Some Theoretical Predictions

The variations with Mach number of the experimental and theoretical
C;P of the various configurations are presented in figure 6. The theo-
retical predictions of Czp for BA were obtalned from reference 1 for
an isolated thin wing with the same plan form as the wing of the X-1lA.
The effect of the body on CZP was neglected.

The theoretical predictions of Clp for BV were obtained by taking

one-half of the values glven in reference 1 for a wing contalning two

panels, each of which had approximstely the same plan form as the ver-

tical tail. The theoretical predictions of C, for BVH consisted of
P

L &



NACA RM I5S5I19 L 9

the values of CZP for the vertical tail plus the wvalues of CZP for
the horizontal tail. The theoretical values of Clp for the horizontal
tall were obtained from reference 1. Obviously, the predictions of CPp

for the horizontal tall were not exactly appliceble to the present case,
since the wings of reference 1 were assumed to roll about the root chords,
whereas the horizontal tail of the X-1A model was located some distance
above the body axis, and hence was not rolling about its root chord.
However, these were the only theoretical predictions available, and

they are telieved to be Falr approximstions of CZP, assuming no interfer-

ence. For BV and BVH +the effect of the body on CZP was neglected.

The theoretical predictions of Clp for BWV and BWVH represent
the net contributions of the wing and tail panels to CZP: obtained as

described above, plus approximations of the effects of the wing flow
field on the tail panels. The approximations consisted of representing
the wake behind the wing by four infinite line vortlces, determining
graphically the sidewash and upwash (or downwash) velocities induced on
the verticel tail and horizontal tall, respectively, by the vortices,
and calculating the resulting rolling moments on the tall panels.

The employment of more exsct methods of estimating the effects of
the wing flow field including body effects was considered too involved
for the purposes of this paper.

The spanwise circulation distribution for the rolling wing was
obtained from reference 14, and is illustrated in figure 7(a2). The con-
tinuous circulation distribution was replaced by a step function, as
shown in figure T(a), representing the four line vortices originating
at the trailing edge. The strength of each vortex was proportional to
the height of its step (i.e., proportional to I;ax)' The spanwise loca-

tion of the inboard vortex was determined by making the area under the

stepped curve eaqual to the area under the circuletion curve, over those
portions of the curves from the roll axis to the spanwise location

of | — The spanwise location of the outboard vortex was determined

by making the area under the stepped curve equal to the area under the
circulation curve, over those portions of the curves from the spanwise

location of Ihax to the wing tip.

The line vortices were assumed to originate at the wing trailling
edge and travel straight back, permitting the vortices in the viecinity
of the tail to be depicted as shown in figure T(b). At each of several
spanwise locations along the vertical tail, the sidewash component of
the resultant veloecity due to the four vortices was determined. At
each of several spanwise locations along the horizontel tail, the upwash
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(or downwash) corponent of the resultant velocity due to the four vor-
tices was determined. This was accomplished at each spanwise location
by calculating the tangentlal velocity v at any radial distance r
from tke center of the vortex from the incompressible relation

T
V = max
a2nr

for each vortex (the variation of v with r 1is given in figure 7(b)),
representing the values of v by vectors, and obtalning the sidewasnh or
downwash component of the resultant veloecity vector.

The rolling moments induced on the tall panels by the sldewash and
downwash velocities were calculated by use of the method of reference 15.

Figures 6(a) and 6(b) show that, in genereal, Cyp for BWVH end

BWV was predicted adequately by theory, except in the Mach number reglon
from M = 2.22 to 2.41, where component interference effects caused large
deviations from theory. TFor BW, good agreement between the experimental
and theoretical Cj, was obtained throughout the Mach number range of

the tests. Figure é(c) shows that the experimental CZP for BV wes in
falr agreement with theory at all Mach numbers except 2.41, and Clp for
BVH was overestimated by theory throughout the Mach number range.

CONCIIUSIONS

Wind-tunnel investigations of the demping in roll Czp of the Bell

X-1lA research slrplane and 1ts components were made at Mach numbers of
1.62, 1.94, 2.22, 2.41, and 2.62, at zero angle of attack. From the
results of these investigations the followlng conclusions are indicated:

1. A severe loss in the damping in roll C was experienced by
p

the camplete model near a Mach number of 2.22. Similar results were
obtained for the configuration with body, wing, and vertical tail.

2. The loss in C experienced by the complete model near a Mach
p

number of 2.22 was largely alleviated by removing the dorsal and ventral
fins. The phenomensa near a Mach number of 2.22 resulted primarily from
the effects of the dorsal and ventral fins on the tall panels.
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5. The wling was the predominant contributor to the demping in roll
CIP throughout the Mach number range, although the contributions of the

other airplane components to CZP were significant in the Mach number
region from 2.22 to 2.41.

L. In general, the dsmping in roll Czp of the complete model and

of the configuration with body, wing, and vertical tail was predicted
adequately by theory, except in the Mach number region from 2.22 to 2.41,
where component interference caused large deviations from theory. The
damping in roll Czp of the body-wing model was predicted adequately by

theory throughout the Mach number range of the tests.

langley Aeronautical Leboratory,
Nationel Advisory Committee for Aeronsutics,

Iangley Field, Va., August 31, 1955.
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Note: All dimensions are in inches.

Figure 1.- Drawing of the ccmplete model.



(a) Setup in tunnel (top nozzle block removed).

Figure 2.- Photographs of the damping-in-roll test apparatus and the
complete model.
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(b) Interior of balance.

Figure 2.~ Concluded.
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Configuration DOt:sul fin Ventral fin

O18F o BwwH off Off 3
| O BWW on On /
< BWV On On 7

A BW On on
Ol6r ¢ v On On 7
> BVH On on 4
4

.Ol4 /

Qlz J/f

G 0lo /;}% {
008 /5/ {g.

002 // i

YV
[y N NP er——
R b W baghr_qy__:h_4>i |
0] 00C8 0Ole 024 032 040 048
pb
A%

(a) M = 1.62.
Figure 3.- Variations of rclling-moment coefficient with wing-tip helix

angle of the complete model and its components at zero angle of attack.
Flagged symbols Indicate check points.
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Configuration Dorsal fin Ventral fin

018

Q BWVH Off Off
a BWVH On On
< BwWv On On
Yal BW On On
016 \v4 BvV On On
> BVH On On

014 L

012

.

Oolo

006 5
4

.y 4

SZ :"—T . h . ~ =
o) oo8 Y gle 7 ’.ozbf “032 .040 048
p
2V
(b) M = 1.94.

Figure 3.~ Continued.
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Configuration Dorsal fin Veniral fin
oi8 O  BWVH off Off
O BWVH On On
& BWY On On
A BW On On
016 v BV On On
[»S BVH On On
g BWVH Off On
v BWVH On (alternate) On
014
.0ol2
010
A
S, 3 _;/
527
006 L4 A 4
: =
D>
/\g 7/ / /
é /0 v .~
b
R
Yl dnd
/ < g-j?//f]
002 /ﬂ;y
——szévv%vvvﬁ . i v
o} .008 018 .024 .032 .040 048
pb
2V

(c) M = 2.22.

Figure 3.- Continued.
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Configuration

Dorsal fin Ventral fin

ol8 C  BWVH Off Off
O BWVH On On
S BWV On On
AN BW On On
ole v BV On On
>  BVH On On
g BWVH On (alternate) On
ola
ol2
010 £o) /O
A 4
C, 74
008 /6/ iﬁ/ﬁ
'
7 %‘% 3
.OC" A , ///
il
4
00 73 AN
/g ATE:
002 // //
// @
S T >
o) 008 016 T ood. ¥ 038 040 048

(a)

b

pb
2v

= 2.4,

Figure 3.- Continued.
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Configuration Dorsal fin Ventral fin
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Figure 3,~- Concluded.
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Figure k.- Variations with Mach number of the damping in roll of the
complete model and its components at zero angle of attack. Dashed
portions of curves denote uncertain fairing.
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Figure 5.~ Schlieren photographs of the flow about the complete model at
zero rolling veloeity. o = O°.
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(a) BWVH.

Figure 6.- Variations with Mach number of the experimental snd theoretical
damping in roll at zero angle of attack. Dashed portions of experimental
curves denote uncertain feiring.
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Figure 6.~ Concluded.
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(b} BW and BWV.
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Figure 7.~ Approximation of the wing flow field and its effects on the tail panels.
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